To increase the percentage of acute stroke patients benefiting from thrombolysis, the utility of expanding the time window of treatment beyond 4.5 hours after stroke onset needs to be investigated. We aimed to identify the target population and challenges of recruitment of patients for the time window beyond 4.5 hours. Extending the time for Thrombolysis in Emergency Neurological Deficits (EXTEND), a multicentre randomised controlled trial testing the efficacy of thrombolytic therapy in patients with clinically significant ischaemic penumbra between 4.5 to 9 hours after stroke onset, was used as a model to evaluate inclusion and exclusion criteria for late thrombolysis trials. Data from all stroke patients admitted to Austin Health over a 1 year period were retrospectively analysed. Case notes were examined to determine potential trial eligibility. Of 556 patients assessed, 95 (17%) presented during the EXTEND time window. Sixty-seven of these (70.5%) were wake-up strokes (WUS) and 28 (29.5%) arrived between 4.5 and 9 hours after symptoms onset. At least one exclusion criterion was found for 78 (82%) of them. Hence, 17 (3%) patients arrived within an appropriate time frame for the study without any exclusion criteria. Most of these (13) arrived outside routine MRI hours. The number of patients recruited would have increased more than three-fold if imaging had been available 24 hours, 7 days a week. A significant proportion (17%) of ischaemic stroke patients presented between 4.5 and 9 hours after stroke onset. The majority of these were WUS. The major challenge identified for patient recruitment was imaging availability.
1.

Introduction
Stroke is the third most common cause of death in most Western countries and the major cause of disability (1) (2) (3) . The incidence of acute stroke events is greater than that of acute coronary events although the resources and acute interventions available do not match this state of affairs (4) .
The most specific and biologically powerful treatment for acute ischaemic stroke is thrombolysis with recombinant tissue plasminogen activator (tPA) given within the first 4.5 hours after ischaemic stroke onset (5) but this therapy is disappointingly underused (6) .
Indeed, only 2-6% of eligible patients receive therapy in most centres (7) (8) (9) (10) (11) (12) (13) and approximately 10% in the best performing centres (14, 15) . One major reason for this is the brevity of the therapeutic time window at 4.5 hours (5, 7, 16, 17) so that the number of patients arriving at emergency centres in time is low.
An important approach to increase the percentage of acute stroke patients who may benefit from thrombolysis has been to investigate the utility of expanding the time window for the use of tPA (16, (18) (19) (20) (21) (22) . An example of this is the ongoing Extending the time for Thrombolysis in Emergency Neurological Deficits (EXTEND) trial which began in March 2010. The primary objective of this randomised, multicentre, double blinded, placebo controlled phase 3 study is to test the hypothesis that selected ischaemic stroke patients with significant penumbral mismatch will have improved clinical outcomes when given tPA up to 9 hours after onset of stroke in comparison to those treated with standard stroke unit care without intravenous tPA (23) .
In the trial, stroke patients arriving between 4.5 and 9 hours after symptom onset and meeting both the general and MRI inclusion criteria (Table 1) are randomised to intravenous tPA or placebo groups.
The sample size required is approximately 400 participants, 200 of whom would come from the Asia Pacific region and the remainder in a parallel European study. With up to 20 sites recruiting in Australia and New Zealand and further sites soon to commence in Taiwan and Singapore, it was important to understand the recruitment potential and barriers to facilitate rapid recruitment. Also, should this time window become part of routine management of stroke patients, this information would be useful to health care providers generally.
Hence, using EXTEND as an example, we aimed to identify the target population, the potential barriers to recruitment and ways that these may be overcome to maximise recruitment for time windows beyond 4.5 hours.
Methods
Data from all stroke patients admitted to Austin Health over a 1 year period (1 March 2010 to 28 February 2011) were retrospectively analysed. Austin Health is one of the major stroke centres in the Melbourne metropolitan area and one of the first centres activated for EXTEND.
Strokes were categorised according to the time window between symptom onset and arrival in the Emergency Department (ED) in three different groups: patients arriving within 4.5
hours, between 4.5 and 9 hours and those beyond 9 hours.
Identification of wake-up strokes (WUS) was done by reviewing the case notes for all stroke patients arriving to the ED commencing at 12 midnight and going forward by periods of 1 hour until 13:00, at which time all patients were outside the time window for the study.
As for other strokes, WUS were classified into time window categories. WUS onset times were calculated as defined by the study ( Table 1 ).
The case notes of all patients arriving between 4.5 and 9 hours after stroke onset were examined and exclusion criteria for EXTEND (Table 2) were assessed. When more than one exclusion criterion was identified, the less modifiable factor has been considered as the cause of the non-inclusion (for example, in a patient presenting with intracerebral haemorrhage
[ICH] and pre-stroke modified Rankin Scale score ≥2, ICH has been considered the main criterion for exclusion).
Time of arrival was also recorded and classified in two groups: outside or inside office hours.
Office hours were defined as hours where MRI was available for the trial. At Austin Health, MRI was available for EXTEND patients from 8:30 am to 4:30 pm during week days. No patient could have been included either in the cohort or the trial arm of the study outside of these hours.
Results
Between 1 March 2010 and 28 February 2011 a total of 556 patients presented with a final diagnosis of stroke at Austin Health.
Ninety-five patients (17% of total strokes) arrived within the EXTEND time window. Sixtyseven (70.5%) of these strokes were WUS and 28 patients arrived between 4.5 and 9 hours after symptom onset ( Fig. 1 ).
Regarding ischaemic strokes (n = 368), 21% (n = 81) arrived in the EXTEND time frame and were therefore potentially eligible for late thrombolysis.
Regardless of the exclusion criteria, 60% of the patients presenting within the EXTEND time window arrived in the ED outside office hours ( Fig. 2) .
At least one exclusion criterion was found for 78 (82%) patients arriving within the trial time window (Fig. 3 ). Twenty patients were excluded from the study because of the presence of early ischaemic signs on CT scan performed on admission. The second most frequent exclusion criterion was the presence of an ICH in 14 patients. Rapidly improving symptoms and too mild clinical severity, defined by the study as a National Institutes of Health Stroke
Scale score less than 4, were also identified as the major reason for exclusion in 12 and 14 patients, respectively. All identified exclusion criteria and the number of patients affected by each of them are shown in Figure 4 .
Recent cardiac arrest with cardiac and pulmonary resuscitation were identified as exclusion criteria in one patient and classified as "hazardous condition for tPA". Renal failure and its related contra-indication to contrast agent was also identified in one patient.
During the 12 month review period, 18% of the patients (n = 17) presenting in the accepted window were finally eligible for the trial. Thirteen of these (76%) arrived outside office hours (defined as between 8:30 am and 4:30 pm, Monday to Friday). Therefore combining exclusion criteria, time window after stroke onset and imaging availability, only four patients could have been investigated for randomisation if Austin Health was an active centre during all the analysed time period (Fig. 5 ).
4.
Discussion
The main aim of our study was to identify challenges to recruitment of patients beyond the 4.5 hour limit for thrombolysis which currently exists. Interestingly, 17% of patients presented within the 4.5-9 hour time window and represent an important group of patients who currently receive no therapeutic intervention. We found that the main issue facing the potential management of this group using thrombolysis was 24 hour access to imaging. By identifying this matter early, we have been able to modify our approach by introducing a more flexible and complimentary imaging tool, computed tomography perfusion (CTP) scanning, to overcome recruiting challenges. Indeed, our study highlights the fact that recruitment to stroke trials is often very challenging and may require protocol amendments to solve unexpected problems (24) (25) (26) (27) . Even though this issue is internationally recognised, it is rarely reported. Insufficient or slow recruitment may have dramatic consequences on the trial length and costs, the validity of the results or the continuation of the study. Unwillingness to participate, complex protocols and eligibility criteria, and trial fatigue by investigators have been identified as the main reasons for difficulty in recruiting people after stroke (26) .
Known as the "funnel effect" phenomenon, researchers also have the tendency to overestimate the number of available patients who meet the inclusion criteria and would be willing to enrol in a particular trial (28) . Investigator driven trials with funding from national funding agencies have more limited resources than commercially driven studies, another important factor in recruitment. Speed and simplicity in establishing imaging parameters is an important feature of patient assessment for trial eligibility. In EXTEND, an automated MRI analysis software is used which was developed by the Stanford imaging group (RAPID). The system allows rapid, standardised and reproducible volumetric analysis of mismatch and has been proved to be useful for patient selection in acute stroke trials (42) . As CTP scanning has been validated as an alternative modality to determine penumbral mismatch (43, 44) , RAPID has been modified to allow the use of CTP scans. Interestingly, CTP scan was the imaging selection technique used in the recently completed study of tenecteplase compared to tPA in ischaemic stroke and this allowed reasonably rapid recruitment to be achieved (45) .
Logically, the principal investigators of EXTEND have recently added CTP scanning as an additional means to identify patients with a significant mismatch. CTP scanning is routinely performed as standard care in most major hospital centres, and is more readily available than MRI, particularly outside business hours. In addition, CTP scan use has fewer restrictions (for example, pacemaker use) compared to MRI. This protocol change will allow more patients to be screened and thereby identify more patients eligible for randomisation to treatment based on penumbral mismatch criteria. Indeed, with CTP scanning available 24 hours each day, all 13 patients who arrived outside Austin Health MRI opening hours could have been recruited and potentially randomised using the EXTEND inclusion and exclusion criteria. Clearly, 24
hour access to imaging facilities is likely to become even more necessary for routine stroke management in future years as the selection of patients and treatment strategies become more sophisticated. General inclusion criteria 1. Participants presenting with ischaemic stroke 2. Participant, family member or legally responsible person has given informed consent 3. Participant is 18 years old or over 4. Treatment onset can commence after 4.5 hours and up to and including 9 hours after stroke onset 5. Participants who wake up with stroke may be included if neurological and other exclusion criteria are satisfied. (Wakeup stroke is defined as having no symptoms of stroke at sleep onset but symptoms upon waking. The inclusion time window for wake-up stroke is less than or equal to 9 hours from the mid-point between going to bed and waking with symptoms) 6. NIHSS score of equal to or between 4 and 26 with clinical signs of hemispheric infarction MRI inclusion criteria 7. Penumbral imaging -using a Tmax >6 second delay -PWI volume to DWI volume ratio greater than 1.2 -DWI lesion less than or equal to 70 ml -PWI-DWI absolute difference of greater than 10 ml 
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